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Ab s t rac  t 

A s  a c o n t i n u a t i o n  of i t s  P r o j e c t  Explorer  ser ies ,  t h e  Alabama Space and Rocket 
Center  i s  sponsor ing  t h e  development of two a d d i t i o n a l  G e t  Away S p e c i a l  payloads .  
T h i s  paper  g i v e s  d e t a i l s  of GAS-608, i n c l u d i n g  d e s c r i p t i o n s  of i t s  s i x  exper iments  i n  
o r g a n i c  c r y s t a l  growth, roach  eggs ,  y e a s t ,  r a d i s h  seeds, b a c t e r i a l  morphology, and 
s i l i c o n  c r y s t a l s .  It a l s o  p r e s e n t s  a b r i e f  summary of GAS-105 and t h e  Space Camp 
program f o r  s t i m u l a t i n g  s t u d e n t  f i r s t - h a n d  p a r t i c i p a t i o n  i n  space  f l i g h t  s t u d i e s .  

Cont inuing  i t s  series of P r o j e c t  Explorer  payloads ,  t h e  Alabama Space and Rocket 
Center  (ASRC) i s  sponsor ing  i t s  second Space S h u t t l e  G e t  Away S p e c i a l ,  GAS-608. 
C u r r e n t l y  i n  i t s  development phase ,  GAS-608 w i l l  c a r r y  s ix  s t u d e n t  exper iments  i n  a. 
s t a n d a r d  200-pound, 5-cubic-foot cannis te r .  I n  a d d i t i o n  t o  these exper iments ,  which 
w i l l  i n v o l v e  b i o l o g y ,  c r y s t a l  growth, and b i o c h e m i s t r y ,  t h e  c a n n i s t e r  w i l l  a l s o  c a r r y  
a c e n t r a l i z e d  package f o r  e l e c t r o n i c s  and power supply.  The purpose  of t h i s  paper  is  
t o  b r i e f l y  review P r o j e c t  Explorer  and i t s  a c t i v i t i e s  and t o  p r e s e n t  some d e t a i l s  o f -  
t h e  components 'of  GAS-608, a long  w i t h  a q u i c k  look  a t  GAS-105. 

Background 

Conceived t o  s t i m u l a t e  i n t e r e s t  i n  space f l i g h t  i n  t h e  e d u c a t i o n a l  community, 
P r o j e c t  E x p l o r e r  i s  a program c r e a t e d  by ASRC i n  c o o p e r a t i o n  w i t h  t h e  N a t i o n a l  Aero- 
n a u t i c s  and Space A d m i n i s t r a t i o n  (NASA) and l o c a l  u n i v e r s i t i e s .  It i s  conducted 
w i t h  t e c h n i c a l  a s s i s t a n c e  from t h e  Alabama/Mississ ippi  S e c t i o n  of t h e  American I n s t i -  
t u t e  of A e r o n a u t i c s  and A s t r o n a u t i c s ,  M a r s h a l l  Amateur Radio Club (MARC), and numer- 
ous v o l u n t e e r - c o n s u l t a n t s .  Explorer  s u p p o r t s  t h e  C e n t e r ' s  v i g o r o u s  and expanding 
set  of a c t i v i t i e s  f o r  youth  and a d u l t s  i n  t h e  famous Space Camp. It does so by pro-  
v i d i n g  t e c h n i c a l  p e r s o n n e l  t o  e x p l a i n  space f l i g h t  p r i n c i p l e s  and c u r r e n t  NASA pro-  
grams. 
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Less w e l l  known are E x p l o r e r ' s  arrangements  t o  promote wider p a r t i c i p a t i o n  i n  
space f l i g h t  by o f f e r i n g  a c t u a l  f l i g h t  o p p o r t u n i t i e s .  S t u d e n t s  a t t e n d i n g  Space Camp 
whose e x p e r i m e n t a l  p r o p o s a l s  a r e  a c c e p t e d  a r e  t h e n  i n v i t e d  t o  develop them i n  f u l l  
w i t h  a i d  from Explorer  p e r s o n n e l .  The i n i t i a l  payload i n  t h e  Explorer  series, 
GAS-007, w a s  s u c c e s s f u l l y  flown on t h e  Space S h u t t l e  Columbia a s  miss ion  STS-61C i n  
January  1986. P a p e r s  i n  e a r l i e r  proceedings  volumes of t h e  GAS u s e r s '  symposium 
f u r n i s h  t h e  r e a d e r  w i t h  more depth  on t h e  des ign  and development of GAS-007 
(1-4,  6 ,  8 ) .  Details  of t h e  p o s t - f l i g h t  rev iew of i t s  r e s u l t s  a r e  g iven  by Rupp 
(7)  and a l s o  i n  a n o t h e r  paper  submi t ted  f o r  t h e  proceedings  of t h i s  conference  ( 9 ) .  

Motivated by t h e  s u c c e s s  and a p p e a l  of GAS-007, ASRC h a s  r e s e r v e d  t h e  u s e  of two 
a d d i t i o n a l  payloads  t o  develop new sets  of s t u d e n t  experiments .  The f i r s t  of t h e s e ,  
GAS-105, i s  i n  development c o o p e r a t i v e l y  w i t h  t h e  Consortium f o r  M a t e r i a l s  Develop- 
ment i n  Space under t h e  d i r e c t i o n  of F r a n c i s  Wessl ing a t  t h e  U n i v e r s i t y  of Alabama 
i n  H u n t s v i l l e  (UAH). D e t a i l s  on i t  have been provided  by Wessling (5 ) .  GAS-608, 
t h e  s u b j e c t  of t h i s  p a p e r ,  i s  b e i n g  developed s e p a r a t e l y  i n  c o o p e r a t i o n  w i t h  UAH. 

GAS-608 Experiment 1 

Experiment #I, b e i n g  prepared  by Bryan Agran of Rye Brook, New York, w i l l  inves-  
t i g a t e  t h e  e f f e c t  of low g r a v i t y  on t h e  i n c u b a t i o n  of f e r t i l i z e d  eggs  of t h e  cock- 
r o a c h ,  P e r i p l a n e t a  americana. Some 10-20 c a p s u l e s  of 30 eggs  each w i l l  be  h e l d  i n  
p l a c e  w i t h  s o f t  p l a s t i c  packing i n s i d e  a sea led ,  t h e r m a l l y  i n s u l a t e d  chamber. The 
eggs  w i l l  be  selected so t h a t  t h e y  r e p r e s e n t  d i f f e r e n t  growth-cycle s t a g e s .  
eight-week supply of food and water  f o r  t h e  r o a c h e s  w i l l  be c a r r i e d  a s  a "cont ingency 
ha tch ing"  measure. Humidity c o n t r o l  i s  t o  be provided  w i t h  a "dimplewick" water con- 
t a i n e r .  Agran 's  d e s i g n  c a l l s  f o r  an ambient tempera ture  range  of about  10 C t o  

An 

0 

30 "C f o r  t h e  dry  n i t r o g e n  gaseous environment a t  one 
m i s s i o n  h a s  ended t h e  sample r o a c h e s  w i l l  be  r e t u r n e d  
behavior  w i l l  b e  compared w i t h  a ground-based c o n t r o l  
b a l a n c e ,  o r i e n t a t i o n ,  e q u i l i b r i u m ,  and h a b i t s  such a s  

Radish ExDeriment 

atmosphere p r e s s u r e .  A f t e r  t h e  
t o  E a r t h  f o r  h a t c h i n g .  T h e i r  
sample t o  seek  d i f f e r e n c e s  i n  
f e e d i n g  and r e p r o d u c t i o n .  

A s  P r i n c i p a l  I n v e s t i g a t o r  f o r  Experiment # 2 ,  Jay  Andrews of Manlius ,  New York, 
i s  developing  a s t u d y  of t h e  germina t ion  and growth of Raphanus s a t i v u s  ( r a d i s h )  
i n  an  a n a e r o b i c  environment under m i c r o g r a v i t y  c o n d i t i o n s .  Sample s e e d s  w i l l  b e  
r e t a i n e d  on a t r a y  i n s i d e  a chamber w i t h  dry  n i t r o g e n  g a s  t h e r m a l l y  c o n t r o l l e d  t o  a 
range  of 20 A d i r e c t i o n a l l y  uniform l o w - i n t e n s i t y  lamp w i l l  p rovide  
i l l u m i n a t i o n  f o r  growth. I n f r a r e d  photographs and a tmospher ic  samples w i l l  b e  taken  
a t  t imed i n t e r v a l s  t o  suppor t  t h e  s tudy .  Upon r e c e i p t  of a s t a r t  s i g n a l  Andrews' 
a p p a r a t u s  w i l l  p ressure- feed  n u t r i e n t s  t o  t h e  s e e d s  i n  t h e  form of Knop's s o l u t i o n  
and W h i t e ' s  s o l u t i o n ,  a l o n g  w i t h  d i l u t e  methylene b l u e .  A t  a scheduled t i m e  t h e  
p l a n t s  w i l l  b e  exposed t o  Formalin t o  t e r m i n a t e  t h e i r  growth. The p r e s e r v e d  s p e c i -  
mens w i l l  be  s u b j e c t e d  t o  p o s t - f l i g h t  morphological  a n a l y s i s  and microscopic  examina- 
t i o n  of t i s s u e  o r i e n t a t i o n  and o r g a n i z a t i o n .  

0 C t o  30 OC. 

Yeast  G e n e t i c s  

The t h i r d  experiment  on GAS-608, s t a t i c  i n  n a t u r e ,  i s  b e i n g  d i r e c t e d  by Greg 
D e  Lory of San F r a n c i s c o ,  C a l i f o r n i a .  
e f f e c t s  of c e r t a i n  high-energy space r a d i a t i o n s  on t h e  g e n e t i c  m u t a t i o n s  of a y e a s t ,  
Sacchoromyces c e r e v i s i a e ,  and i t s  v a r i a n t s .  
samples of t h i s  y e a s t  w i l l  b e  t e s t e d .  
s t r a n d )  s t r a i n s  LBL1, LBLl/n, and KKl-122; a d i p l o i d  (double-s t rand)  s t r a i n  t h a t  i s  

D e  L o r y ' s  o b j e c t i v e  i s  t o  de te rmine  t h e  

Some 30 l y o p h o l i z e d ,  o r  f r e e z e - d r i e d ,  
Among t h e s e  w i l l  be  t h e  h a p l o i d  ( s i n g l e -  
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a h y b r i d  of LBLl/n and KKl-122; and p o s s i b l y  t e t r a p l o i d  (quadruple-s t rand)  s t r a i n s .  
The samples are t o  b e  k e p t  i n  smal l  t u b e s  secured  i n  an  aluminum per formated  p l a t e  
which s e r v e s  a s  a suppor t  s t r u c t u r e .  A f t e r  r e a c h i n g  o r b i t  t h e  specimens w i l l  be  ex- 
posed t o  X r a y s ,  gamma r a y s ,  and cosmic r a y s  ( i o n i z i n g  charged ,  heavy atomic n u c l e i ) .  
Thermoluminescent d e t e c t o r s  may be used a s  a p a s s i v e  p a r t i c l e  count ing  system. Upon 
r e t u r n  t o  E a r t h  t h e  y e a s t s  a r e  t o  b e  examined f o r  t h e  r a d i a t i o n s '  e f f e c t s  on m i t o t i c  
and m e i o t i c  chromosomal changes.  The r e s p o n s e s  of t h e  f l i g h t  y e a s t s  t o  s e l e c t e d  
chemica l ly  t r e a t e d  tes t  p l a t e s  w i l l  h e l p  de te rmine  any g e n e t i c  changes,  and t h e s e  
r e s u l t s  w i l l  be  compared t o  t h e  p a t t e r n s  shown by Earth-based c o n t r o l  samples.  

B a c t e r i a  MorDholoav 

Experiment 8 4 ,  w i t h  Tom Malone of Roswell ,  Georgia ,  a s  P r i n c i p a l  I n v e s t i g a t o r ,  
w i l l  seek  t o  f i n d  t h e  i n f l u e n c e  of low g r a v i t y  on c o l o n i a l  morphology of a s p e c i e  
of p h o t o t r o p h i c  b a c t e r i a  i n  an  a n a e r o b i c  environment.  A secondary o b j e c t i v e  i s  t o  
e v a l u a t e  t h e  e f f e c t s  of b a c t e r i c i d a l  and b a c t e r i o s t a t i c  a g e n t s  on growth of t h e  c o l -  
o n i e s .  Malone 's  approach i s  e s s e n t i a l l y  v i s u a l :  h i s  b a c t e r i a  w i l l  be  exposed t o  a 
l i g h t  s o u r c e  f o r  a f i x e d  t i m e ,  photographs made p e r i o d i c a l l y ,  and t h e  growth p r o c e s s  
t e r m i n a t e d  upon s i g n a l .  A p o s t - f l i g h t  a n a l y s i s  u s i n g  photomicroscopy w i l l  compare 
morphology f o r  t h e  c o l o n i e s  flown i n  space t o  t h a t  f o r  Earth-based c o n t r o l  samples .  
The hardware p l a n  c a l l s  f o r  a s e a l e d  chamber which houses  a 35 mm camera w i t h  a l a r g e  
f i l m  c a p a c i t y ;  a thermometer;  s m a l l  f l u o r e s c e n t  l a m p s  a s  l i g h t  s o u r c e s ;  r e s i s t a n c e  
h e a t e r s  f o r  thermal  c o n t r o l ;  and sample p l a t e s  t r e a t e d  w i t h  a s u l f u r  a g a r  growth 
medium. I n  a d d i t i o n  t o  t h e s e  major components t h e r e  w i l l  a l s o  be a T a t t l e T a l e  I1 
microprocessor  w i t h  224  K b y t e s  of random a c c e s s  memory f o r  sequencing,  t i m i n g ,  
t h e r m o s t a t i c  f u n c t i o n s ,  and s t o r a g e  of d a t a .  Upon r e c e i p t  of a s t a r t  s i g n a l  and 
e l e c t r i c a l  power from t h e  c e n t r a l  e l e c t r o n i c s  assembly, t h e  microprocessor ,  u s i n g  a 
custom-wri t ten program, w i l l  e x e r c i s e  complete c o n t r o l  over  t h e  experiment .  

S i l i c o n  Growth 

The f i f c h  experiment  h a s  been dubbed SIGMA f o r  s h o r t - - S i l i c o n  Ingot  Growth f o r  
Microgravi ty  Application--by i t s  P r i n c i p a l  I n v e s t i g a t o r ,  Se th  Watkins of Rye Brook, 
New York. I n  h i s  arrangement s e v e r a l  s i l i c o n  samples w i l l  be  h e a t e d  i n  a f u r n a c e  
f o r  approximate ly  50 minutes  each.  C r y s t a l  growth w i l l  b e  i n i t i a t e d  f o r  t h e  samples 
i n  a d r y  n i t r o g e n  atmosphere.  With e l e c t r i c a l  power provided  from t h e  c e n t r a l  elec- 
t r o n i c s  assembly,  Watkins '  experiment  i s  in tended  t o  r u n  a u t o m a t i c a l l y  once t h e  s t a r t  
s i g n a l  h a s  been r e c e i v e d .  The o b j e c t i v e  of h i s  s t u d y  i s  t o  e v a l u a t e  t h e  i n f l u e n c e  on 
c r y s t a l  q u a l i t y ,  i n c l u d i n g  dopant d i s t r i b u t i o n ,  of t h e  space environment.  A compre- 
h e n s i v e  d e t e r m i n a t i o n  of t h e  p r o p e r t i e s  of t h e  space-grown product  w i l l  b e  made upon 
r e t u r n  of  t h e  samples t o  E a r t h .  

Organometa l l ic  C r y s t a l s  

Growth of l i n e a r  conduct ing  o r g a n o m e t a l l i c  c r y s t a l s  by an  e l e c t r o c h e m i c a l  proc-  
ess i s  t h e  g e n e r a l  o b j e c t i v e  of  Experiment #6.  
H u n t s v i l l e ,  Alabama, h i s  p l a n  i s  t o  t r y  t o  u s e  t h e  m i c r o g r a v i t y  environment t o  e l i m -  
i n a t e  t h e  l a t t i c e  d e f e c t s  which c u s t o m a r i l y  reduce e l e c t r i c a l  c o n d u c t i v i t y  i n  Earth-  
grown c r y s t a l - s .  
sium t e t r a c y a n o p l a t i n a t e  (TCP) o r g a n o m e t a l l i c  "complexes," and p o s s i b l y  t h e i r  ha logen  
d e r i v a t i v e s ,  i n  aqueous s o l u t i o n .  
e l e c t r o l y t i c  c e l l s  i s  expec ted  t o  form t h e  d e s i r e d  p r o d u c t s .  
p a r t i c u l a r l y  impor tan t  t o  t h e  growth p r o c e s s ,  and s p e c i a l  d e s i g n  f e a t u r e s  are b e i n g  
i n c o r p o r a t e d  throughout  t h e  a p p a r a t u s  t o  minimize h e a t  l o s s e s .  
of Experiment /I6 are g iven  i n  C r o n i s e ' s  paper  f o r  t h i s  symposium (10) .  

Developed by Ray Cronise  I V  of 

I n  t h i s  experiment  Cronise  w i l l  have t h r e e  s m a l l  samples of p o t a s -  

A p p l i c a t i o n  of a smal l  v o l t a g e  a c r o s s  each of t h e  
Thermal c o n t r o l  i s  

A d d i t i o n a l  d e t a i l s  
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MARCE 

A s  was t h e  case f o r  GAS-007, t h e  l i f e b l o o d  of t h e  GAS-608 c a n n i s t e r  w i l l  be  a 
system prepared  f o r  Explorer  by MARC. T h i s  p o r t i o n  of t h e  payload ,  d e s i g n a t e d  as 
MARC Experiment (MARCE), w i l l  have a p h y s i c a l  c o n f i g u r a t i o n  similar t o  t h a t  used  
f o r  GAS-007. Among i t s  major components f o r  t h i s  new payload a r e  a microprocessor  
w i t h  memory f o r  d a t a  s t o r a g e  and a s o l i d  r o c k e t  b o o s t e r  b a t t e r y  having  a c a p a c i t y  
of 50 amp-hr a t  28 vdc. The b a t t e r y  w i l l  supply e l ec t r i ca l  power t o  h e a t e r s  and 
o t h e r  equipment i n  t h e  c a n n i s t e r .  The r a d i o  subsystem p r e v i o u s l y  i n c o r p o r a t e d  i n  
MARCE f o r  GAS-007 w i l l  be  removed. M o d i f i c a t i o n s  t o  t h e  microprocessor  s o f t w a r e  
w i l l  b e  made t o  f i t  t h e  requi rements  of t h e  s i x  exper iments .  MARCE w i l l  a g a i n  pro-  
v i d e  s i g n a l s  f o r  power-on and power-off,  sequencing,  and t iming.  Such measurements 
a s  v o l t a g e s  and c a n n i s t e r  tempera ture  and p r e s s u r e  w i l l  be  s t o r e d  i n  i t s  memory f o r  
p o s t - f l i g h t  a n a l y s i s .  

Development S t a t u s  

When development of t h e  i n d i v i d u a l  GAS-608 exper iments  h a s  been completed,  t h e  
i n t e g r a t e d  package w i l l  be  s u b j e c t e d  t o  s y s t e m a t i c  t e s t i n g  p r i o r  t o  shipment t o  t h e  
Kennedy Space Center .  While a p r e c i s e  m i s s i o n  assignment  h a s  n o t  y e t  been made, 
i t  i s  expec ted  t h a t  GAS-608 w i l l  be  Shut t le - launched  i n t o  a low E a r t h  o r b i t  w i t h  an  
i n c l i n a t i o n  of 28 . A minimum m i s s i o n  d u r a t i o n  of f i v e  days i s  b e i n g  sought  f o r  
f u l l  e x p e r i m e n t a l  r e s u l t s .  
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